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(54) A dlspejising method a nd assembly lor Siquld droplets 



{57) Adispensfegasaerr3blyforli(^^ 
CDmprlses a dispenser (40) conn^ctad to a ilquld cafry- 
ing pipe (32) wfmh m lmn h c<)nneGled to a source of 
preSiSMHSi^ci iiqutd. The dispenser has an gfongate bo 
m^m^e^r {41) having a main bom t42) connectetf to th^ 
V^md carrying pipe 33, At the other end, lh^3 main bor© 
(42) has avahe maX (43) vyhfeh Js Gonnected to a nozzle 
(44) having a nozzle bore (45) terminating In a disparts- 
ing t\p (46) . A valve boss (47) of a terronrisgf^etlc material 
coveted wfth a soft polymer (4B) is mcsUnt^d in the main 
bore (42) and has a cmss Bactional area Jess than ^hat 
of ihe mam fc^ore (42). A saparate valve boss actuating 
coil ^ss(2mb}y comprising ^pi^andJovvt^r coils (§0) and 
(51) am provided whtch am s;eparata irom the mam 
body (41) which can be unpiugged f n>m both the coils 
(50) and (51) and fmm the itqusQ carrying pipe (32). ft $3 
thU3 a d^spp^abl^ bod^ rnember (41), In pperatjon the 
vaJva boss ss ac^celers^ed from th© jnaiarposrtidn 
With £h© valve plos€J5j, i?y the coils {SO) and (51) typicaS 
for a tlm© of tha order of 0 2 to O S rns ; The vaJve Is theri 
majntajn^d opm and the current In the- coM are consid- 
erably reduced. The dyration of thi^ second phas© 
tsrmiirtes the vp^ ume of the d rpplet dtspj^rjsed. The sisc- 
end phase can be of duration of 01 to 5 ms, whteh wJlf 
msult in a vol yme of droplst dispensed In the range of 
too n§ te Bom^ m^orolitFes, Then in the third phase the 
vaJve Is o^osepl with a short pufes of a high cunreht, typr 
tcaiJy Jh the range of 0,2 to 0.4 ma. The fourth phase 
maintaining th e vaivs in the closod po^ ftEort imM the next 
droplet has to tm dfspensed> There Is further disclosed 
varbus electrDdes to provids drop-olt of any droplet on 
th^ tip (46) of the noz2io (44)> Refteetioh elee^odes are 



also de^cnb^d tn conjunction with various substrstes 
and various nr^eans for meaBuring the voiume of dropM; 
Is also describod. 
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[0001 1 The present Invention mlates to a dfepensjrsg a^st^mbJy for Hqujei dmpJ^ts of the type comprlsiocj a dl^enser 
hsaysng a main bore commu having a no^xie bore l^rminating m a dispenslrjg tip and d^Uyi^ry 

m0anis Ibr moviirjg Squid to th© dlsp^hs^r aM from th^te through the bore to form a drop?^ on the extemr of the tip 
arid t^ien to cause a dropfel ic fail of themfrDm. The Invention is further concerned wM a method of dispensmg a 
droplet fnom a pressurjsed Uquld dejjvary sourer thmugtr a metenng var^^ dmpensef comprising an eJorsgate body 
memfosf iigiving a maio bom feornmurileatmg throygh a val^^ b^sAng a jioz^ie bom terminating in a 

dispees^ng tip, ai ^0pame fipatlr^g valve boss of maghatfc material housed in the body member; the cro^s section 
ama sf which is su%tent!y less than that of the mafn bore td permit the fr&B passage of fl q uld thsrskjsrtwsen thus bv 
passing the valve bass; and a separate vslve boss actuating coll assembly surrounding the body memben 
|000S| The present in vefltbn % ge^era^^y related to liquid handing systems and m partjoo jar to systems for dispensing 
and aspirating of ^rnallyoliimes df magents. it Is partieifJarly directed to a high thmy^gft^ scre©nbg, pdyrnefase chain 
f taction { PGR) , GombjnatanaJ chemistry, micrbar my ing, medJCB^ df agnostics end others b the area of high throughput 
screening , PG R and CGmbinatonat chemistry, the typical appJieatiDn fm such a flu Jd handling syst^Ti s in dispensfng 
small YCiumes of thfi reagents, e g 1 ml and smallor and jn particular wlumes aroynd 1 microlittjr and smaller. |t is 
also directed to th© a^iration of volumes frornsampls wells so that the r^ag^nts can be tmnsporied tpetwean tha weJl^. 
THa mventlon rei^tos aJsb to mterd^t^y ti^ehnology; a mcerst advance in the ^0 thmiighput^cre^ning. Mlcm^ 

array teohnology teing used for applications such as DN A an-ays/t n this tec hno 5 ogy th^ arrays are e 
or potyrner sJJdeg. The ffuid handlfng ^yst^^nfi^ direct^^d to dtspansing conslstenl droplets of magenta 

of s^jbmicrbHtre volisnrie. 

|D0033 Oevelopment of Instrumentation tor dispehsrng of minute vofumes of liquids has t^een an important af^a of 
t^hnological progress tor sonne tsm^. Numerods devfees for cdntrotJed dfepensmg of srhsift vojumas cf liquids (in th& 
range of 1|tr and smarter) for ink jet printing application havs bsen deveiopad over t^e past twenty nve y^ars, More 
recently: a wfde range ot new areas of applications has emerged for davie^s handling liquids m m&lmrTmrxMm mnge; 
These are discussesd for ^xampte In ■analytleal chemi^ Sard, integr^edciiembal s^t^ms, Wiiey-intsnsaenp^ 

PbJ , 1 9941 and ''biomedical appiications [A G. G raig, J.D. Hohemsel, Aut^jfn^tioh. Seines t^othods in Mrcmbio^ogyi vol 
28, Academic Press, 1099}, 

[0004] The prosent invervtion is abo d jfiedted to medtcaJ dia^nosttcs ©,g . for printing reagents on a substrate covered 
with bodiiy f iulds tDr subsequent analysis or afemativaly for pnnting bodily fluids on stsbistmias, 
POOSJ The requirements of a dispensing system vary $lgnlf feantiy depending on tNs ^plloatjon. For example, the 
main mqujrem^nt of a dispensing system for the Ink jet appSbations Is to deliver dmpbts of a f ixod volume with a h igh 
repetftiori rate. The ^epamtsoh between sndtvfduainDzzsas should be as small as po^ibie so mat many nozzles can 
be a^itcDmmddated on a single printing cartridge. On tho other hand tn this appJioation the task m slmprnkid by the fact 
that the mechanioa} propejties of th© liquid dispensed namely mk am WBir defined and cqnsMtwt. Algo fn moat oases 
tm devioe used in the mk jet appllGatforis does ndt nesd lo Mpim the ljqyid thm 

IpOOei For bjohie<^ieai spjsiicatjons such as High Throughput Screening {HTS) tha requ(remems imposed on a dis- 
pensing system are cornpleteiy dmerant. The system siiou id be capable of handlmg a variety of reagents wit h different 
mechanca^ properties e g. viscosity. Usually thase sy^ems shoyid also t^e capable at aspiring the reagents through 
the nozzle from a well. On the other handth0r0 fe no such a d^mafiding reiquir^em^f th^ h?0h repetitton rate of 
drdp^ as in Ink jet applications. Another requirement in tfie l^S applications is that cross contHmmatbn between 
different wefis ser/ed by the same dispensing device be avojde^d as much as pDssibte. 

[00071 The most common method of liquid handling for the HTS appilcatiorts is based on a positive d^spiacsm^nt 
pump such as described m US Patent Spedifsc^ion No. US S,744,C»9 ^hase st a^)> The pump consists of a ^ynnge 
with a plunger driven by a motor, usually a stepper or servo-motor The synnge i$ usually connected to the n^>m^of 
the liquid hahdring syst^ % means of a^^^^ nozzle Is lypioally attached to an arm of a robotic 

system which carries ii betwe&n diffo rent wells for aspiring and dispensing the iiquldsvThe syringe is filled wi^ a liquid; 
such as water ThB wat^r continuously extends thrc^gh th© flexible tubing Into tm t^psixie down towards me tip. The 
f squld reagent which needs to be dfepensed, fills up into the nozzle fFom the ^p. in order to mm mixing of the water 
ahdther&agent and therefore cross-cantaminaUan, an air bubble orbubble of anothe^^ isysyaliyfefr between them, 
in order to dispense Ihe reagent from the nozzle, the pfunger of the syrmge Is displaced. Suppose this displacement 
expels the volume AV of the water from the syringe . The front end of the water fllling the no^^ is displaced along with 
it Tile water Is vtoally incpmpres^t^ if the inner voiun^e within the flexible tubing remains unchanged, th0n the 
vdSiime AV displaced from the syringe equals the volume dIspJaeed by the moving tront of the Water In the no:^;^ie. If 
the volume of the air bubble is smal l it is possible to ignore the vahatlons of the bubbb's volume as the piunger of the 
syringe mc5v«s: Thus the back end of the reagent i$ dispiaead by th^ sam^ volume the no^le, andtherefbre the 
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volume e|©0£@d f rom the tsp ss the same V This is the prtnclpls of operadon of sucSi a pump The pymp vtf&rks accurately 
it {he vDtun'je AV Is muGh grester than the volume of tfie a«r biibbfe. In practice the volume* of ihB babble ct^anges 
as the plunger of the syrihge rr^oves, Indeed ]n mder to eject a dmp from the tip, the prmBure in the tub?ng should 
^jCG&«sd the aimospheriq press an amoynt detarmmed by the surfa^^e te^^^ Of^tiis dmp beJore it detach^^ 

s tram the mzz\^, Therefom at th© momsm of sjactlon the pressyrs jn Jh^ tiiblng iacf^as^ and aft^rthe ejectbn/ii 
pt^dm^ses. A:s Gdmrmn gasses ^rs compressible, the vobme pf th<e mr or gas btttsbfa ohangss during th& ejactton of 
Xh^ droplet snd this ac^s to the &rmr ts^ ths Bcoumoy of the syet^m. The smalier tto vofiim^ of the air feubbla. th© 
SJi^aJJer Is tlie expected ^rror Jn other worcis the accuracy ?s determined s!g?i:tf icantly 5y {he ratio of the volunies of the 
afr bubble and the liquid droplet. Tf)© smaHerthls ratio is the belter the accuracy: For practie^al reasons it is djllmft to 

?£? reduce t he v elume Qt the atr or gas bubble to b^Sow scsme one or twQ microfftrBs arsd usuaiiy H ^onsi dembly greater 
than this Tiiefeforerthls msthod with Wg liquids sep^iratiedl by art alror gas bobble and based on a positive displacerr^ent 
pump is not weii $Ufbd lor dispenstng voJume aslow as t microfltre or lower. Them am a!so additional limftatlons on 
aeciiracy whan sub-mscfolSre volumes need to be dlspsns&d. For aKample, as th© arm of the robotic system moves 
over ths target weiis. the flej-csble tubing filled wflth the wBim bendg and eof^seqUe^t^y \tB mner volume changes, T here' 
fare, as the arm moves , the front end of the vmtBx jn the no^zie moves to some extent ever? If the plunger of the syringe 
does not. This adds to the error of the volume dispemed. Other limitations are discussed Graig et a{ referred to 
sbove. Exarnples ot suchposlti^/e displacement pumps am shown m US patent Specification No: 574409a ( 
al). Similady the problems of dispensing drops of smairvQlum^ are also de^ and discussed m U.S. Patent Spec- 
ifk^tion No. 4&74asp {Dav^^ 

IQO^B] U.S. Fatsm Specif tcatlon No, 5741564 fllsone) describes another method of dispeosi rig s votumgfs of 
1\ijMs for blomedicarapplicatjon and m particular for depositing the agents on diagnostic test stops. This method com- 
bines a positive displacement pump and a conventsonal solenpid va^ve. The posittve displacement pump is q syringe 
pump filied wilti a fluid to be dispensed. The pump is conneotfs^d to a tubtrig At the cfther ond of the ivkimg there is a 
&ofenoid valve bcated cbse to the election po^ t$ aJ§o f IS^ed with theftiiicj to be dfspSfnsed. in this method 

^ the piston of the pump Is driveo by ^ motorwfth n vifell defined sp®©d. This speed deterniines the tis^w rate the fy 
from the nozzle provided ihe s^DJOOGid valve Is opened frequently enoOgh and the duty cyc^e open/dose of the vafve 
Es long enough. The soler^oid valvs^ Is actuated with a defined repetition rate. The repet^ion rate of the vaive and the 
fJow fate of pum^^ si^a pf &ad^ drop. For example> if the pump operate^ at a flow rate of 1|it per 

secohd andlhe repotMon rate ts 100^0 per second, then the size of each drop js 10 ni However, for 

30 dispensing of sttbrnlcfoHtre volumes for HTB applications this method is often Ineppmpriste since it is fequired to aspire 
^kM th ra ugh the nozzle m small quantltJas and then dispense ft in fractions of th^s q uantity. Tb avoid mixing of t he f loid 
aspired wth the one the syf^nge pump, It is pn:> babJy necessary to plabe a bubbSe of gas in the tube with the attendant 
probtems described ^dve. WhJJ^ this type of purrp SQlenold valve designed for dtspensmg seiies of drops of 
consistent size, It may not be weirsuited for dispensing single drops l.e on a drop on demand which is exactiy the mode 

35 of dsspansing used In the NTS appl icatlons, if the soienoid va^ve open time and/or operatsng frequency are too small 
for a given pump flew mte, the p ressu re in the df§pensei^ WjlJ foecQme^ too great c-iiyBiog possible rupture or rnalf uhc- 
tioning of the system, 

U S Patent Ho 5, ?SS^666 (Cart O. Larsdh , vlr. et a!) d^esdnbes a surgfealiy irnplan tabte redbrbdating purrp 
having a fbating piston made of a permanent magnetic mate nal and jncorpofaiing a dheck valve The piston can be 
40 moved by means of energising the coils In a suitabJe timmg sequence. The pis{on allows the flow of liquid thmugh it 
when it moves In one direction as the check valve open and when It mbves in the opposite c&recfion, the ch^^ 
is csosed and the iii^uld is pumped by the piston. 

|;D01 D| US Patent No 4,M1 ,7B7 (Sanfdrd D. DeLong) describes ah eleotmmagnetic reoipnjcating pijmp with a ' ■mag- 
netically responsive" piston as it contains some fermmagnetic matenaL The piston is actuated by at teast two doife 
45. located oiitside the oyii nder oont^n ing the pi^n; The coHs are energised by a current with a required timing . 

[0011 1 Dirops of mibfbfftfe VoJume ^nd smaHer eein be aJso generated by the method of electrospray whfeh 1^ mattnty 
us0d for fhj^^tibh of aflujd imp a chdmjbalanaJysjs system such as a m^ss speptrometer. In 

dutput of el^trospray is not a stream Of small drops but rather of i is based on supplying 

a liquid under pressure through a eapiliary towards its endand then a strong eleotrostattc field Is generated at theend 

so of the capillary by istpp^ying a high voltage^ typtdaOy over 40DVj between the end of the capillary and a conductor placed 
clo^e to ft. A bhar^d v^Dluma of fluid at the end of the capillary 1s rapdled from tha rest of the capjiiary by Coiiiof^r^ 
IntsractiDh as they are charged V^th the IJka chargss This forms a flow of charged parJic^as and ions in tho shape of 
a cone with tha apsx at the end ot the capillary. A t^^ ©lectrospray appltcation ^s described In US Patent Specification 
Nov51l 51 31 {dames W, Jbrgenson et al), Ther© are Inventions where tho dnaptets ©mitted ffx>m a capillary are charg^id 

55 }B orde^r to provont them trorri oomthg together coagutatioh, Thi^ epproabh 1$ described tn US Pat No 5:891,212 
(Jse lang al) for f abrtcatton of unifdrrh charged spheres. US Pist No 4<S02,1 66 (Mack J. Ftiivvyiei^^t al) ibabhes hoVV 
to handie unifonti particles oach containrng a cor© of one liquid and a soMfied sbeaih/in this invontion the electric 
fi©;d jsappliadlna simMrway thasheath Of thepaftiolesNas solidSi^^^ 
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!n this Inventton the particles are formed from a jet by a^jp^ying a p^rbdie? dfeturbani:?© to me jet. US Pat. m 4,$56,1 2B 
(ft^artin Hpmmel at aJ} teaches^h^ unffc^ drt>piets and convert theses Jnto mipmcapsuiss A sy ri nga pump 

supp?t8s the fluid into a capiligtry. A series of hig^i voltage puisss is appss^d to the capillary The s^z© of the droplms is 
determm^sd by the supply of flmd through the caplliar^ and tha repetftfon raie of the high voltage puisas. The pate m 
di&Gusses generation of a sifigle drop on demand. tJS Pat, No 5,639,467 (Randel E. Dofian et d) taacihas a method 
of coating ^1 substrates with 0 ufjifosm iayer of biobgical material. A dropkst gen^ratpr is employed wh^^^ consists of 
a prsssLjRs^d cohtamar connected to a capiHary, A high cosistant voyage is appllad foenveen the cap! nary and the 
moelvjng g&lling soJutbn. 

p)012J Them am numefous methods for ink \nk^ pnriljng iridustry is the rnaln dnving fonee m 

tf\B oonimmg progress in this ffeJd; Some of the w®!! known methods am Jjstsd l^ebwr 

a) One 0f thfe olds# methods of creatmg separated and unif ofm droplets Is basM on bmak^ ng a jet of liq u id emerg- 
ing frorrs the nozzle. 1^ Gontfol the bmakmg up of the jet Into separated dropjeta penodsoai vsbratsor^s are applied 
tD ihs Jet of Iqiiid. The optimai frnquency F of such vibrHtMs ^a;s estimM^ Lord Rayleigii over a hundred 
years iago: 



4.61d 

V - amergif^g Jet v^^iooity 
d - jet diameter. 

Ail dropt^ts at this f reqii^ncy stra ereaLte^ci untfof m!y with ihe same voJume. A t^toai^Kampb of impleman^^^ 
thi& riimhod can befound in U.S. Pa^^ 

b) In numerous impsementations of rnk j^ printing, prBSSore wav0§ 8nsld0aitqu«d;-hoMjng d>am^ are created by 
a piezoeisctric acjttiatar: Accsserated by pressure waves, the; (jqujd in the chamber achieves sufliclent speed to 
move thmisgh the rso22fe aj^d to oix/ert^ome capHlary %?^c^s^ a^ such a case a smgil[ dropiet v^ifi be formed 

c) AccDfding to one method, ths pie^oe^^^^ trensducer changes the v olumfi; ol the contal ner and cr^es pressuf 0 
Wavm In the flquid Ip the contafnor- The actjon of CMS^ripi es? caiise^ some amount the liquid (tni<) to gp 
through the nozale and to fonrt droplets which are separated from the bulk Hqufd h^t ooritaiilen se^ f or ©xanripte 
U.S. Parent No. 6,508,726 (Sygahara). 

d) k\ U :S. Patsrst No, 5,49 1 ,500 {(hui) an k j^t head Is described whem Hquid m the printing head is "piiahad" by 
progfsssivs waves craved by a^ynchmnfe^^ row of pi^^ele^i^rjq Ev^ntiially; Hquid m the^ pnming heoisl 
obtslns snotiSh sp^ed to spray sequepp©s of dropiets through the npz^i^. 

|0O1 3] \n the methods b) to d) listed aboye it is rtecsssary to have jiq utd wnhout vapor and btibfoiefS; Dfofjlej vfeeoSJiy, 
surface tension are very irrpor^m. in the b) ahdc) cases dropi^ts can be oft^of a fixed s^e„ 
imi 4] } h summary, the mo^t corrwrson rhe^pd of handling reagents used in Ht^ apptotions hamd on a positive 
displaGemem pump and a gas bubble. The problem is thai when dlspensmg volur?ies of magents amund 1 mfcro^ttre 
or smaller the variation in the voJume of the J^ybble dunpg tho dispensation cempromisea the aeoyi^cy It ha^ beoo 
found difficult Id e|ect shiaJt droplets of pr ecisaJy raq uirsd volume u&mg this m^hod. 

IpmB} The use of a ^olenpjd valve has two m^h disadv^ant^^s when used for HTS applteations. The ftiBt one is 
the relatively high cost of a solenoid valve stJCh thet it cannot b^ a iiispos4>J^ ^temer^t and th 
can be a major problem. Further dlffbumos have been expene^nqad m achieving d^ volumes smaller th^ 
mlcro^ltres In a conv0ht5<5nai sqienoid vafye, 

[001 6j Piexo dlspofssera wHHe us©d are often not weJi sijtied for dispens ihg reagents for medical appiications . The 

r^ason fe that the piszo dispenser con^moniy r^quire^s thatiJyid to be dispensed has weil defmed and consist prop- 
erties. Unfortunstely, reagents and bodily ^u^ds used in medical and biomedical applicattons have broadly varying 
propertjes and oflsn contam particles and inhomogamtJes whioh can block n^zzie of the pie^^o dispenser 
[0€17] As ths size of yveils becomes smailar and smaller^ the problert) of missing the correct woii or dropptng the 
fiqiiid reagent at the wror^g pS^ea of tlie $ui3Strate oh whksh the reagent is being deposMd becomes mofB and morB 
signfflcant. f^easurement of the voftinne of the drops dispensed m the submscromre range is a formidable task. It moiM 
be a highty desired and vaiy able feature of a itquid handlir^g mstrumeni to l^a capable of measarement of voJume of 
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fodividuaJ dfopteis especially Irr tie submicroi^^^ aJso rneasurern^nt of the dtspansat^^ event which mil 

imiB} US Patent No. 5,559,339 (Domanik) teaches a method for verifying a dispensing of a f^uid from a djsp&nse 
no^^fe/The method is based Drt coupf^ng cf efectromagnetic mdiation whtch ?s us aaUy fight fr&m a soume io a receiver. 
As a droplet of flujd travel from tha nazzle i[ obstructs thB coupisng and tlis^reiom the; intens% of the: si^ detected 
by ih^ r^aiveria mducad. The rne^Ghanlsm of such an obstruction Is ^b^orption of elec^m^fv<^:c rndt^^top 
dropJet The dJgiadvamg^e of Ms methcKi m that th© smsrfsr the size of the smaller is ihe^bson^tidri in ft 

Almostcertajnly the m^thoc^^^s not work forfiu^ds wteh do not absorbthe radiatson. 

[001 9J For a range of appi Nations such as hsgh through p£^t screening whara misiute dmplafe of Holds W5th a brapd 
rmg^ of dptfeal pfoperties nasd to be dispersBed the fHeth dfedosed in thJ^ spsdficatbn are jnappropnat©. Fisfltier 
ihB spscffication acknowiedges that It will only operate satisfactarily with majof dropJets, 

[0020] Tha pfBs^nt invention iS dimcted towards providing an impros^d tinii^hDd a nd appa rattis for dispensm g of 
vo^umss liquids as small as 10 nl - l O^^I or aven smaller , while at the tims it shouid l>e possitJie te? dtsper^ss^ 
lar^sr droplets such as tbose as largo at 10 miprolitres or even greaief: 
[0021] Another o^feeSya is to provide a method where tte quahtity of the ftitid dlsp^^ 

th^ opemtpr shd abeur^lely CDs^trolled by the dispensing system. The system shou id be capable of dispansjng a 
i 0 nl drop foSlQwed by a 500 r?l one in companson to for example m k jet printing wh^m th@ vQlume of one dispensation 
is flKod, and dispensatfons are only posslbs^ J n my ittptes of this quarttrty, 

f 0d22| The invaiition is ajsp df rsctsd tov^ards providing a method wherq the f id csin be dispanstKi on demand, Lq... 
one qitantity can be dtspemed a required time as opppis^ed to a s&nas of dfepehsatJdh&^W^^ pehodiotirhe jnterya^fe 
betw^&en them; Yet/the rnethod should also allow for dispensa^GR of cfoses with rsguiar ints sifbsequent 
disperisstibns, for example, pnniing wfth reagsntB. 

Another Dbjective 0f the pres«5nt invention is to prDvede a method and a device sultebl^ for dispensing a f Suld 
from a suppfjr line to a sample well and aiso far asp^ng a f bid from the sample w# Into the mpph/ llna The devkj© 
should be to controiaiXJum^^^ ameunt of thefimd asplmd Into the no^^te of the dispenser fr^m a supply weW. 
[0024] Another objeotjve is to provide a low cost front end of the djsp&n^iag device eaf led herein the dispenser which 
could be disposed of when M becomes comami nated namely the part which comes in djrBct eomact wfTh the reagents 
dispensed, jt is an importam ic^^^e ct the sm^e^^^ and re^Mace- 

n'^fi^ nt is achieved simply suoh as fey an a robot, 

|002S] iA^Dthefrpb|ecstiy0 iislQ' prt^ a mettod f?3rhahdlingfl^ in a robotte system jor high throughput screening 
orrnbroarraymg which would be suitable fora^ !&neso£>taihable 
With cMrr&nt poeitive di^^^ 

[0026] Yet another objective to provklle means of more aeour ate d^lh/ery of a drop of Itqufd reagent to a correct 

target weJ? on a siibstrate and ai^o to irr^prove the accuracy c^t deSkery of the drop to a correct 1^ a wefJ forming 

paft of a reoeMng eubstrate. Vet another objective s$ to pjovlde means for di;raclJng the doses of fluids into different 
weU^ of a sample w^ll plate and rneans of ceintFalilng iiie del^vefy addfess of the dbse eh the sanr^ie w0 pMB to speed 
up the liqutd handling procedura. 

[002T] Yet another objective of the inventlor^ Is to mduce ^^sjpJashmg" as the drop sn^'es at ^le 

|0028] Another ob|^tlve of the inventjen Is to provide information If ths ^op was dlspena^d or mt it is addltionaf 

an otijeoti ve to measure thB vDtume of the drop which was dispensed, 

Sfcaten^^rst^ of Imf^ntmn 

[0029] According to the Invenhon there Is provided a dispensing assenahJy tor liquid droplets of the type comph sing 
adbpenser havirig arnain bDrecernmLinfC^^^ nazzJe hm^ing e ne^^letjore terrn 

delfvery means for nr^oving Isquid to the dispaneer antd fmm there through the bore to torm a droplet on the exterbr of 
t^^e tip and then to caiiee the droplet to fali off ths?f0f rt>m, ahara<Jteftsed Jh that; 

ihe deiiveiy means comprises a separate pfessunsed liquid deiivery source for movtag pressurisj^d liqiild to th^ 

dispenser; 'and 

the dispenser m a n>etei1ag vaive dispehser and coirhprlses: 

an elongates body rrjember having a vaiVa seat forming an emranee to the nozzb; 

a separate floating valve boss of magaetic matedsl housed In the bocfy member, the ch>s^ sectronaS area of 
whfch Is suffbien% ^ess than that of the main bore to^p^ therebelw^^h bypa^?hg 

the vaiva boss; and 
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a separate v^ive boss ac^uatmg assembly Sfurmundmg the body m^smber. 

|G03d| This has major advantages m that ths dispensing asgiembiy does not rely on a positiva dispteemeni pump, 
or any other presson&ed source far the actuaf deHvef^, it usbb what is ^feot^vely a soienoid va?ve,^to 
that is not of conventionaicanslruct^n. As I needB is a pressunsed ?iq u jd distery which arsy fomi frf pr^syrN=ocl 

Isquid deiivisry such as a positive d^spfaqBrnenlpurnp^w a source of prassum. not a meWmg device. 

It: is impotlBnt to appreciate that there is ho meehahicaJ csDnf^oatbn bmveen the vaiv©^^ 

dispenser: There ar0 no springs, nor any oth^r mechartieai aciuatjon means. \n fact ih&rs is virfyaiiy no d^ad volume 
tn the dispenser It wM also ba appreciated that the d'spanser is eftectlvasy separata Irom the acty aijog coH^ so ttiat a 
very low cost di^&nmr can ba used which iftfiii allov*/ easy temoval A majdr f eatere of the Invention as that the ©tongat& 
body maTib&rof the 

|CJG31| In on^ embadimentof the jhvsm^^ Is ofa hard magnetk: material and snde&d wfth this fatt&r 

errsbodtment id&a% the valv^ boss 1s biased to a closed position into en gagement with the valve seat by an external 
magnetic fmM g^n&rmd b^ ihe actuat ing coil assembly. This is m direct ppntradictlpn te mar^ opwenifc>nai spter^p^^ 
vaJ ves, where the pluog^r J3 usuaiiy of a soft magnettQ matenaf . it ha^ r?een f ptind; that for dispensing mrnute yo iume^ 
the form that can fcse exarted by the vafve boss by a cLsrrent coll is greater with a harci magnetic matenal and thus the 
VBlve boas meves q utcker and greater a-aQuraay of dl spensi ng Is achles^ed. With a hard ma^nete rnateriat oniy one mu 
is neeessary es all that mquired is to rsveme the direction of the cLsrrent to open and clese the valve. 
£0032] i dealjy the valve boss is covered v#h a fayer ot a soft poJymer matehal. Th is m\\ errsur© that there Is. a good 
seal the valye seat, ASemadvely the m\m boss may be made from f le>£ibie bonded magnetfe maiertaf 
fD033| In oh© embodiment of the invention the actuatsng coW assembly comprises two separate sets o? coits for 
moving the bos^ in opposite directions within the body member. Two coils are obyiousiy Reeessary when the valve 
boss is made of a sofi rna:gneti€ material, 

P034J IdeaHy the vaive boss, the body memb^ and nozxie form the one separate sub assembly reJeas^ly d^sc^- 
able from the remainder pHhe dispeiiser^ Thjs provides Qmater disposabiflty and. with gf^ater disposabllity cross- 
conttamlr?at?Dn may be effeotlvely eliminated which is of pBramoum importance for medical and biotogicai applications 
p)035| \ n one embodiment of the invention the actuating cojj assembly composes a soume of efeolf ical power and 
a cont FOlier tor varying ilia current over time as ea^h droplet is befhg dispensed. Varying the ourrent eristires that th© 
pe^k Gurremis suppHed when requirnd Le. when actuaiiy opening and ofesing the valve, whH^ 
. and onfy usiEhgthe h Ighest cyrmntwhssn required, overheating is preventedand as will be appreciated the i^e oi ourre nt 
of a h igher cii rrent value when required 5S accaptabie and usefyL 

IQQZB} ideally the boss is Gonstmoled for limited movemer^t oiJt of line with the main bore Ipngitudtnal axis. One 
advantageous shape is for the boss to be a cyiindhcai pJug. This is partlcuJady advantageous fe^ hard magrjetle ma- 
tenails in that axisyrnmetnoaf m 

P037| In one embodiment of the Invenfen the cyUndricaipiug has radially extending osrGumferentiai fins whereby 
on movement of the boss towards the vaJve seat quid is urged into the nozzle bore and onto the tip This ensu^ 
even rnore positive displacement of the Stquid info me no^zJe bore and thus more posftive dispensing of the droplets. 
Such materials can efther have hard or soft magnMic pro^pertjes and if they aje of a felatively soft pofpier mateH^^ 
they can improve the performance of the seal. 

[0038] ideally the body member and the nozzle term the one IntegrBi mpuldtng of piastk^s material and Imegm^^ mould- 
ing is miatfveSy inexpensive and further Improves disposability 

{0039] in one embodiment of the inventjon there is provMed a dispensing assembly oomprising; 
an eSacirdde JnboiporHted in tj^e dispepsln§ tip; 
a separate recefving electrode remote from the tip; and 



a high voitage source donneotsd to one ef iiie eJeetrodes to provide an etectrostatid f ield thembetween 

[©040] it is often advantageous to decrease the pressure in the line oonnected to the mpomm as this aliovs? 
much easier pressure tight oonnechons to be made and thus advantageotisly Jncrease the disppsabifty and reptace- 
ability of parts of the dtspenser. Further because of the use of lower pressures the droplets are now ejected at lower 
BpBed at these lower pressufes so that aplashing is minimis^ed. The eleotrQstatlc field still aliows the dispenser to 
operate. 

j[0O41 J ideaily the receiving eiectrode is beiow the dispensing tip and a droplet reccing substrate may be mounted 
between ihe reosiving etectrdde and the dispensertip, or nRounted beidw the m the rebeivihg eSectrode 

m the latter case having at ieast one hole torthe dmplet to pass through to the receiving substrate. Indeed them m£5y 
be a pits raijty of receiving BleotrDdes at least one of whseh is activated at any one time. Ail of these impmve the aoouracy 
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and control ot the dispenssng, 

[0042| i desiily synchronous in^^xing means may l>e provid^^d for the dispetiser and/or th e receiving electrode far 

saturate depsbyment of droplets on the subslrate. 

[0O43| In Dne embodiment oi the snveniion there Is mone than one recetving ai^ctrode formmg dropiet dellectfon 
s. ^ooxodes which ars^ mounted below the drspenssng tip and above the droplets mceiv in g s ubstmte and sn whEch the 
high voltage source has comroi m^ans to vi^fy the voltage appile^ to the #t!&piion electrodes, AJi of thase further 
Efnprove the accaraoy of the guldaoos o! the drcplats onlfi the receiving substrate. Thi^ has beGprns par^icularty im- 
portant with thsmintaturfsatfen of subsMtes since it becomes tncreaslngfy^ dW^bMJt to ec^sym that tlie df^pptet^r^^ 
Els correct dastjnatiori. 

w [0044] In one embedment ot the n^vention thet-e ts provided s detector tor sensing t separatmn oi the drtpfet from 
the dispensing tjp. In a p[aft)cujaity pretefred example of thb latter eFnbodimerJt,;tbs detsctorcom 

a source of e^tromagn^lp radiation; 

means fpr fpGussiing the radMion on the end of ihis dispensings tip: 

means for collecting the radiation transmitted by a droplet on the dispensing tip, Pr^erably this t§ mtiaeted or 
refracted radiation v 

^0 f004S| irs many instances 3t is necossafy to ensure that a droplet did indeed get dispensed, 

1n some of these embodiments the soume of radiation is mounted within the dispenser n ozzie. 
[G046j ideally rrteans are provided for rn^asunng the charge of th<& dmplet which ean he eonventently done Ij^i a 
Faraday Pan whioh can have a bottom orn^ey be botton^iess . This wili ivltevy both the charge and mass of tha droplet 
to be astqertained In partJGular when usihg the bottomiass Faraway Pasj the actual ma^^ of the droplet can be 
ascertained without loss of Slt|uid. 

[0047] Further the jnventbn provides a method of dispensing a dropSet having a volume lB&^ thm ten micro W'&s 
{ 1 Qf-ilJ from a pi^ssuflsed liqu^d defjvery so Ufce thrpu gti a matehng valve dispenser epmprising an elongate body mem' 
ber having a main bom communbafmcj through a vaive s^at wjfii a nozzle hay noz2ie bore tsfmfnatmg In a dm- 
pending tip, a sepamte floating val^^^^^ hous^ed m the tody member, the cross sectlbnaf area 

Si? of whbh is sMfficien% less than that of the matn bore to permit the free paissage o thus bypassing 

the valve boss; ^nd a separate ¥a^^ as&embSy surrpunding the body member. ^ 

.of: 

deHvenng the pre$suf isi^d li^^uid to the dispenses 

Opening the valve by actuating the^^^^^^^^ assembly for a preset ttme to deiiveriiqiitd around the vaiye boss intpthe 
no??le bore; and 



ciDs? ng the valve as the dmpjiet late oJTv 

PQ483 Jn this laust rr^ethod, the step may be petf armed of thp valve being shut off, of generating a pulse of voltage 
at a receiving eieciiode femote from the dispensing tip to generate an eisctrostatEc field to cau^e an electrostatb 
potentiai betvveen the droplet and the recefviinrg eisctrods to detach it from the dispensing tip , This wjII allow the Nquld 

to be pressunsed at fess than 4 or even 2 bat 

[ DD49| j n this latter method the reoemng eiectppde may be mounted beneath a drppset recetving sob^trate and the 
no:22le, or bohveen a droplet resemng substrate and tt^e no^zie. in either of these methbde the electrode could move 
^fter moh drop]^ t^ dti&peif^sed to direct the r^ex! droplet to anotherposltbn o substrate and ftislher m any of these 
methods spaced apart defjectfon etectrodes may be placed around the dfepensing tip and a droplet receivbg substrate 
and the eSf^otrodes am dillerenfeisy charged to cause the droplet to move iateraiiy as it drops irom the dispensing trip. 
^0 This ensures accurate placement of droplets on substrates. Indeed the detlection eiec^rodes can be placed in many 
siiJtabse places above or below the siibstrsit;© aft that ts required m to d$f iiect the dfopfet 
[pSSOj Further^e jnyention provides a rh^hod cm^ri^ the steps oi : 

measuriiig the votoe of a droplet bf a partlcuiar itqutd for dl^ersm drop off voftages; 

storing a database bf the measurements; 



racordingthe drop voltage when a droplel detaches from the dispensing tip: and 
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rgtrievmg the votume from the ciaiabase, 

J This is a partlctil^trly suiltabl e way of calibrating the device. 
fQ0S2i Pretiembly the drop off yoltaga js m^aau reel; 
5 imm] When it is desired 10 t^cord th© dnjp-off of a <^mpJet, thjs Jnventbn prewdes a metiod of sordomg w^feh 

directing an eie^ciitrom^gndtb beamfrom a source of Blect atth© dropJet as It fofjiisattlte tip; and 

W monft0mQ th^ electromagfiatle radiMt^ coupred ijy tHs dropfetat a colisctor mmots from the dropJ^i. 

pj&M] In this latter method the light baam may be the source of eteetmmagnetjc radjatior? the amoum of light 
reflectad and/or refracted by the droplet is monitoi^d. This a partietjiarly converjient and reiatively wa^ 
of pmvidlng tH€i^DurC0 of radsafe^ 
ts [dOSS] J!i one method accardiog to the invention the step^ are peifom^ed of: 

msasMTing the charge of droplets of a partjouiar liquid for diferssjit \^ojumes of droplets; 

recording tine Ghaj^e dn each droplet; antiJ 

r&M^ving this volumas from the database. 

[00S6J This js a very siiitaWe w^y of obtaining the rnass and yoitim^ of the vanoiss Hqujds bemg dispanf 
[00571 A particuJartysuttabfe^ay ofcarryi^^^^ 

rnsasudng tbB width <5f tie vdltags pulse Jn a Faraday pail; 

<SBlBtmmn§the time taken Tor the droplet to pass thrDugh the pat!; 

deriving the spe^d of the drisplet from the time taksn to pass through the pat(; and 

ealouJatEng the mass of the drppi0tfr&m the charga to mass ratio, 

35 

fOGSSj The gmat adviantags of usmg a Faraday Pail is that thore m m destruction or loss fif my of the droplets, 
Detaired 0#{SfeHption of the (rayee^tidn 

40 pDS9] The InvehtJon wii 1 be mare clearly understood from the foliDWing description of some «3^:^bodimants thereof 
given by way of example only mih reference to the accompanying drawings in vs^icb : 

Fig. 1 (a) and fbj are dlagramma^jc views of a ppsfttye dkplaeemant purnp an^^^ Of the prior art; 

45 Figs. 2 and 3 are diagramnnatic views of a dispensing assembly aceordmg to the inventton; 

Figs. 4 and 6 illustrate diagrammftfcally another aJternatJve construction of dispers^ing assembly. 

Fig, 6 Hlu^rate ah a^ern^^tve constiitc^^^^ of dispense^^; 

F^tgy 7 illustrates another obn-^truc^^ of dispanser; 

Rgs B (a) and {b) jJfus1irates a further eonstructbn of dispenser in dosed and open modes: 
5^ Fig. 9 lllMStrates another dispensing assembly according to the invention; 

Fig. 10 illustrates a sUli further dispensing asgennibly 



Fjg. tl J^luslrates another dispsosiin 
Ffg. i 2 is a graph ol low pressure dropl^ lormatson; 
5 fig. is a graph e^f higli pr^ssuns droplet fb^^^^ 

Fig. 14 a gr^ph showing the elfeot of a dropl©! VQlome on fee drop-ofT voltage; 
Fig, 15 is a graph of drop-off voltage against dfefafices frx)ni tip to an electmde; 

to 

Fig. I S ilfestrates dia^ramm^feaHy a test gssen^^; 

Fig/ 1 7 is a graph of the ef^ct of deflection efsctrode voltage on a droptet deflecto 
Fig. 1 8 r?lustmtes diagranmafea^^^ ele<^rdrnagnetkr balarKre: 

Fjg/1 9 grves the circuit diagram of the a^aetromagnetsc balance of Fjg. 18; 
Figs, 20 to 24 show vadQus dropj^t <jmp-oft detectam acconc3lngls> tl5ie invention, 

Rg 2S record^; a bsitq a^ertam that th& vDiurne of a; d;f opi^ reiat©<J to ths si^ro^tatte charge it holtj^; 
Rg . ^6 records a sjmHar test to that of Fig. 25 undc^f dtlf erent cpnditons: 
Fig 27 shows the effect in a Rsrgd^y Pa?! csf a droplet; 

Fig, 28 iJ^usirates graphically tM nols^ and sertsiti¥Jty of ona dlspensjng assembly; 

Fig. liSustrat^s an ^i^drdnlc circuit tisfitd with a Faratday PM accordi s^g to th e InvsMiort ; 

so 

f ig, 30 is a djagrammatfe view of one ^q?t^^ of spplBcM^ of Faraday Pail; 

F«g. 31 is a dtagrarrrniatb vi«>w^o^^ alterhative forrn of application of Famctey Pais; 

35 rjgs. 32 (a) and {b) ilsustrals an atenatsv^^ constmctjon of di^^ 

F\g . 33 is a sida vmt ot an al^mative constructlDn of disperiser; 

Fig: 34 1^ a pfen view of th^ dispenser of Fig. S3; 

Fig, S5 ls a sscfenal view of the dsspenssr of Fig, 33; 

Fig. 38 Is a sidd vtew of a stlH tufthef disp^nsaf ; 

F^g; 37 is a pla?\ view of the dispBnser 0f Rg. 3^: and 

Rg, 38 la a Srectsonalvjisw of the dispenser. 

fODSOl Referring to the dmwings and mitlElly to Figs, 1 (a) anc^ (b) ther^ 3S illustrnted the prior art showing a conven • 
so ticsn^i rnethod of llguid dropJst productfon using a pqsittve dlsplaG^rnent pomp. There is sliustrated a mator 1 drj^^lng a 
piston2 6f a positive dispSae^meRt pump 3 oontaiiTifng water 4 conheoted by ftexJbfe tubing 5 to a robotic arm S iearrying 
a noi^^ie 7 having a lip S into which the tubjng 5 prcjjec^s . A magent 9 is contained ]n the nos^le 7 acyadent to the 
8 and separated fmm the water 4 l?y a gas bubble 10 see Fig. 1 (b). The m0tor 1 whicfi Is usuaily a stopper or mrvo 
m oto r wm each lime move the piston 2 to dispense reagent. 
55 [00611 Befemng now to Figs 2 and 3 tri^re Is tlustrated a dispensing assembly tor Hqyid dn>piete aocordmg to the 
invention, ihdteated gehe rafly % the retei^nce ttumar^^ ^0. The di^par^ing assembJy 20 oo^nses a d#vsi^^ 
indicated generaily by the reference niimeral 21 whicf^ , in turn, comprises a pressiire source 2Z feeding a pressure 
regulator 23 and a pressu.^cj readout device 24 ail connected to an e{eetrenic contmiier25. T>ie pressure readout device 
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-24 m, turn feeds throtigh a hjgh pm&&me m\im 26, a switch 27 which Is also fed by a vacuum pump^S and vacuum 
line 29, The switch 27 m afsp cjonn^ted tc? the eleetronio contr6Ne^ 25. The switch 27 conn^ts ijy a further airilrte 30 
to a reagent reservoir 31 wbkh Jr^ turn feeds by a iiqjuid cairrying pipe dlspe>'^^er/mdkiat>^ gdneraliy by the 

[0G62] The dsspenaer 40 is iliL^stmted in more detail in F\g. 3 and compmes of an efengatad body msjmber 41 having 
a mam bora 42 c^nnectod at one er^d to the liquid carrying pip© 32. At the oihm eM me mim bore has a yrWq seat 
43 connecting to a fiozzle 44 hm/ing a no^gfe bdre 45 termtnatfftg m a di&p^tis?ag tip 46. The vaJve boss 47 of a 
fermmagnette mat^naloov&md wcth a fecft pols^er48 Is mourtfed m thB tmm bore 42 sM has a cmss sediJbnal area 

less t harj that of the mam bom 42. 

[0083] A separata vaiv^^ boss actuating cos ! ass&mbsy composing Upper aj>d lowBt c6tfe 50 ^nd 51 respectfveiy are 
provided separate from the body m ebrttfoifer 25. As can be ssep 

m Fig, 2 the pDwef source for the coils SO and 51 m not flliiMrated. 

[0064] Again r^farring to Rg. 2 a droplet receiving substrsle 55 usLially in the form of a series of v^eiSs Is mounted 
bfefow the djspensmg tip 48 and above a coiiduetiog plate SS; The conducting plate 56 b corini^ted to the elaclmriic 
controller 25 thrx:>ugh a high voftage source 57. Rt^peftt when ir? the foim of droplets is tctentified by th^ reference 
nismemlSa in Rg. 2, 

[0085] JtWJlifeejiDtedthatthe dispenser40 
tip 4S an electrode. 

[00601 ) n operatson tho reagent stored m the main bore 42 of the body member 4 1 artd the controner SS k operated 
ID cause the coils 50 and 51 t&h^ aettvated to raise the v^lve hots 47 bff the valve seat 43 and to aibw the reagent 
to pass between the vafve boss 47 and the wa^!s of the main bore 45t down Into the nozzle bore 46 unm the ooiis are 
activated again to shy t off the valve by lowering the vaive boss 47. As the vasve opens the reagent is suppifed to the 
dtspensing tip 46 and the droplet 58 grows. The vofyrne Dithe droplet 58 is obviously deterrnmed by the length of time 
the valve Is opan and, the viscosity of the llcitild, the oross-seGtional area of th^ no2^te bon6>, Its length and also the 
pressure exerted on the Nquid^rDugh the valve from the swEt0h 27. will be apprecl^ 

on theJsQuid is suffidentry above ambiem whieh is r^ormaiiy atmospherfe (1 bar) the droplet wsll be ejected from the lip 
46. However, in many mstances, when the pressor© Is too low or in any case for aocuracy, appfy'ing a r&iativaiy high 
vcllag^ to th# eonduclmg plate 56 wHI cause an ele^troslalk; field to be &xejrted betweap the dispensing lip 4$ and the 
sjjbstfate 55 thus causing the dsxjpJet 58 to be pulled downwards pnto tJie sul^s^trate 65 by a !orc^ considarably m 
e>cce£s of gravity. 

[DO07| lb aspjre reagent from a substrate or Indeed from any reagent reservoir or contasner the vacuum pump 20 i§ 
operated and the switch 27 suitably arran gad to ensure that the vapuum pump 28 ar^d vacusjm line 29 ts connected to 
the dispensing assembly SO. The vafve is opened and the l^uid sycked up Into the dispenser40 

Referring r^ow to Figs 4 md 5 ther^ is iilusia^ted an aternat^ve oonstruetlon of dispensing as^semb^y Indicated 
generally by the reference niimeral 60 J r^ thsernbddlm^ntihedl^^ 

7D and parts simiSar to those described in the prevsous Rg. 3 are jdentffied by th^ same reference numerals. The onjy 
difference between the dispenser 70 and thfj dispenser 40 is that there is a boss stopper 71 pmvided Iri the mmn bore 
42. Ih this ernbodinnent referdng sp«^^^^ Fig. 4 the delivery meaRs mdlGatedgoneraiiy by the referencs^^^^^^^^ 

80 comprsses a posstive dispiacement liquid handling systen^i. There ^s provided a stepper motor 81 incorporating 
suitablie Gontrols oper^ing a piston 82 of a p ump 83 containing wat er 84 dellvared by flexible tubi ng 86 to the dispenser 
m 87 separat&s the water 4 from the reagent . The tubing 06 is connected by a suitabte seal SB to the dispariser 70, 
£00693 Belerring to Fjg 6 there is illustrated in aitefhativf cDnstruGtion of a dispenser, indicated generally by ih© 
referersce numerai 90 In which parts similar to those descnbed In the prevbus drawmos are Identified by the ^an-se 
reference numerals. In this embodiment the dispenser 90 Inclndes a cyllndrbal valve bo$s 91 of penr^anent magnetic 
naaterlal surmunded by a polyt^er ooathg 92, Again. Itwlll be noted that the cross sectlonata^ 
wth the coat eng Is less than that of the main bore 42> it js acStf^^nlageous to have thfij oylinder 91 magnetised along Its 
;5txis as indleated by the arrow. 

CCKmQ Fig 7 shows another constrUotbn ef dispenser, identilbd generally by rsfersnoe numeral 109, aga;n parts 
sirnjIar to thDse descnbed In the previous drawh In this embodiment 

there is provided a valve seal 101 with a sharpened penpheral tip 102 which will engage the pojymer coating of 92 ot 
the oylindncal valve boss 91 In this enibodiment thf{^ Is only one coii SO as th& eylindrlcaj x^Sye boss 91 Is 6f a 
permaiifent magnetic material Jt is advahtageoii^ to haya the cylsn magnetiseid along its axfe as indicated by the 
arrow. 

[0071] Referring now to Figs 8(a) and 8(b) there ls lllustrated another dispenser indbaied genefaH^ referenos 
nMmeral 110 In which parts similar to those de^cr^ed wjth reference to Fig, 7 are identified by the same r^renoe 
numerals , Thss shows clearty the qpantng and plosing of ih0 dispehser 1 10 together with the #eption of the Hquld flow 
around the c#ndncal vaiye boss Sl §iets of coiis SO and 61 are^ used though the vssive boss 91 is of a penrtanent 
magnetic rnaienal. 
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120 inc'Grpbnating a disp^sar 4D as dssdnbed above with mtemnce to Figs. 2 and 3> In thss^mbodtment the droptets 
are id^fotsfted by the numerei SS andi successive subscripts thus SSt^) to SB (g); The dispansln^ tip 46 effectively form 
or incaq>orates an electrode by vjftue of being groundt^d by the earth line 59 Them is mounted below the citepsnaer 
5 40 a recis^ving substrata 121 mcon^oratlng reagent wefb 122. For three of the vvefe 122 a, b and c thm^ are, for 
simp3ic% identifk*^ ieltars, dropiets 68 a, b and c both apprxsaching the w 122 an£i in them. 

Positioned be tow the receiving substrate 1^1 Is a r&ceMft g eleclrod^ 125 in turn mou rited on an i n^sxirig tab! i2A I 
The receiving electrode 123 is connected to a high vofiage soLirce 125 . 

[0073J The mdexbg tabJe 124 is used to position the receiving elec^ 128 below the apprapnate reagent weil 122 
as shown by the interrupted lines in the drawi^^^^ 

|00T4] Beferttrvg now to Fig. 10 there ts sliuslrated an aitemateye consirtictiori of dispensing assembly, indicated 
gehe rally by the reference rmrrmal 130 jh whists pans^imil^r ta those descUbs^ in Fjg, 9 are Jdenljfied £jy the same 
reference numerais. in th is embodiment there is provided a piuraH^ of jeceMrtg electrodes 1 31 on tihe indexirig table 
I24j which are indfvfdualjy cdnneated to the higih veJtage source 125 

IS lOOTSJ Ref erriiig now to Fig . 1 1 there is jltustrmed still further construction of dfepensirjg assembly indicated generaSiy 
by the reference numeral I4d tn which parts sirnj^ar to theses descnbed wMi reference to Rg. 9 are identsfted by the 
sanie re'erehoe nurhemls/ th Oils embodisrsent there are provided addstionaJ defteGting electrodes 141 and 142. 1t will 
be appreciated that depen dbg an the voltage on tbederiectsng and 142:, the droplets .SB win con-- 

juns^icn with the receiving elearodes 123 nws gate mto the appro^nate reagent welM 2^. This Is illast?7ited clearly in 

^ Rg, 11 bythelnterrupted ftnesv 

[DOTS| In Fig. 1 1 there is aiso shown a recefving electrode 1 2B but it wjH be apprecjated th at such a receiving eieclrode 
123 wiK act always be heces^ar^. \l \b abo pDsssble td use a conducting pMe such ^s iilLislrated r Fjg. 2 or it is possible 
to use only detlecisng electrodes. However/ what wii^ be apprecsated by con^ideretbn of the dispensing assen^bifes as 
iJlestmted Eh Pigs, B io 1 1 inciu^rye Is that eleetrostatsc n;ay|gatloa of ths drops; by rneans o? bplh m& receiving electrodes 

^5 and the defiectmg eJeetrodes can be reiattv^iy easily aohiev^Ki, 

|00T73 Before disoiissrng jn any more detali certsifn other aspects of the present invention it Is necessary to discuss 
in some detai : the nature ot df^plet formation , the effect of the eJectrosta^sc f lesd on Us drop-oft from a dispensing tsp 
and the various other factory that gpy^sm ti^^^e vpjun^ and fotmation. 



3b 





Liquid.' 




WMer 


Temperature 




DeWety pressure 


1 Bat (15 pss) 


VaK'ebo 


ss 


Samartum Cob^it permanent magnet 




Length 






Dtameter 


1 3mm 




Lower valve seat contacting side -r^itnie rubber 1 mni thick 


Actijatmg coil resistance 




No.xicie;. ; 


Length 


SSmrn 


1 ■ 


^nterna^ diameter 


lOOmiemn 


1 Oytside diameter 


170 micron 



|OO70| in this experlrr>ont the pressure was not suffjciently high to elect the droplet from the no^^ie and a grown dn?p 
remained on the disperteing nozzle, Tolerar^oe for the drop volume v^m ±1nL The drop volume was measured by 
transferring the drop grown to a caltorated cs^ltery. 
10079] Aetivatlbn ph:^ses: 

Phase i (strong force to opi&n the valve qubkJy) 

Voltage 22 V 

Duration 0.2 to 0.5nis 
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Fha^a 2 {r)o applied force). 

Duratfen 0, 1 to 1 ms 
Phase 3 (strong fof^e to cfose ih& vaiv© qybkly) 

Durathn 6 J to QJkm 

PhBSB4 (small fajnce to keep the yaJv© clo^^d Xq pmveM ieaka^e mcMtlms^^^^ 

Voyage 4V 
Phase 4 m the j nterva] between cycies. 

Fsg. 12 shows the d^pt^nddno^ of the vpiume of the dmplet grown at the dispensing Up sis a f unctioo of th^ diiration 
of p!i£!ts©2. 

Test No, 2. 

jOOSOJ All tte eondltfdn^ rem s.^ In Tsst Na. 1 esaseptthat the pressure in th^ llne^ connected td the 

dtsp0n^0f i^as: increased to 10 bar {15D pm). In this expanment drops v^em ejected from the nozzJ^ by the pressure 
0fadlent whbh vj^as suffosnrtd sjiset th& dm^ anci the to^0ra^e6 of the measunng voium^ of the drops was ±3nl. Fjg. 
13 JUusimtes the results obtained. 

[0081 3 i h bd! h qf th^ above two teets It ]$ impoftant to apprecjats that the shape and oonstruotiori ol the rto^^le will 
vary the te$t rssuts and thu$ diffemnt test fasuits will be aGhl0ye<a for dt|t0r«$r\t cohstrueticsns of nozzlB. 

T^st No, 3 

P0321 The conditions of the dispensing ass^ftjbty wer^ identlcaias for Tests No. 1 and Ho. 2 wtth tha addition of a 
CQrtdL!CtEog plata Ttjm was spaced from the djsp^n^ing tip by tomm ^hd had dtensjons lOQrr-im K 1 0Omm. 
[0^)83] A high voJtage was appljsd to the condtic^ng plate which was arranged in substantially the same manner as 

the dispensing assembly of Fig. .2. 

[O084| The teat was earned out by growing a drapiet oh the dispi&nasng i\p of the noziZlB by opening the valye. then 
the voltage was gradu a% increased mM drop off oceutmdv when ft was recorded. Th^ volume 6f the droplet measured 
by repeating this with th© alsctromagr^etsc balance, d©t^jls bf Whidh kr^ desbnbed later; 

[Doasj Fjg 14 shows DlearJy the dep^nd&hae of ths drop off voitag^ as a fiinctloh of the vQlume bf the drop grown 

at ths ^nd otthe diepensinig tip. 

Test No, 4 

[0GS6| A VQJume of drc-plet 40 nanositre was chosen with the remainder of the conditions the same as Test Ho, 3, In 
this fast the dependenoe of the drop off voltage as a tunctson oi the distance betv^esn the end of the no2:^le and a 
c£> nducting pkite was tested and the f esults am gfveh in Rg. 1 S 

Test Mo. 5 

imBTl Wm the same construct Ion of dsspansing aissembJy as for lest No . 4 and wit^ r^l^rrihg specjf icairy to Fig. 16 
there is HJystrated a test a^sen^ Indksated gsneraifly by th© referenc© numerartSO a dispensfng as- 

sembly as illustrated ir^ Fig. 4 and S. Them is provided a substrate 151 be tow which is moynted a pair of r€oeMr>g 
electrodes in the fojTn of plates 152 and 163 which In Mm aro connected tD an e^ectnoal circuit indieatad generaify' by 
the referehca numefal 154 Indorpofatlng a high ^oftage supply 165 of approxim^fely S KV The ssparatibn b^ween 
the dispensing tip and the substrate 1 51 was 1 5 rmi. Tesis were earned out 

[OOSBj Bg. 1 7 shows the delation of a droplet as ^ funeribn of the potenttel dfff&rBnce applied to the plates 1S2 and 
153. The potential deference between the plates 153 and 152 h measured In percsn^ge of the potential 0IWefene:e 
between the average of the potentials of 1 52 and 1 63 and the nozzle 46 , 
[dC^9| Referring now specif toaHy to Rgs.^ airici iS thereisJHustrated an el^^^ 
m&nt of the rn^m of droplets dispensed In aceordance wtth the invenyon 
P0S€| TheeJeGfe^rnagnetiGbatanGeieo^G^ 
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suspended on i\ fine spring provided by a twssted spf i ng co\l 1 62 Bnti powared by a co ntrdl i«?d cuirer^t so u s^e 1 63. 
Lmes of the magn^tio fj^ld are schet^iati<:ia^ny indi^ the numerai t69/Ths recesvlng cpiM6i supports by s 

balance a?m 1 64 carrymg a droplet feeeivlng pt^^ A posttson sensor 1 66 ia provided adiaceni the balance arm 
164 and is connected to a feed back CDnflroliar 1 67 which m turn is connected lo the controJied oufmni Bo-arcB 163. 

^ The position seneor 1661n om embodlmmt Is e Ughl emitting diode and a |phok> diode coupled opttealty. li wsir be 
appreciated that! hs ldrqu<§ acting o n Ihe r©c^ivlrig coif 1 61 prbpDftionaf m the current carried by the recettf in g cgsI 1 61 , 
|pDt1 1 Ibmeasdm th^ gtaVitf lorce of a dfeplet (dentrf red by the s eterehce niiin^rai i 68 on the rsceEving plai© 1 65 
when the posit son serisorless^ of tha bafj^no^ simn 164, the feedback oontroJi^r 167 signals the 

conlrolled current source 1 63 to ssharige the curmnt Into tho r^eojvlng gqsI 161 ijnlii the prmious. mlmided position Is 

?a altained . Th t hs gr avty Ito rc& axerted by t^ie droplet 1 6S is proport sorval k> ih^ changes In correm in ih^ poii 1 Si , thm 
using Simple callbr^^on the mass of df&pbts can be measured djrectJy and apectr^ely, 

[00^923 Fig: 1 9 straws in some m&m detail th s efec!ron?c cfrctjit of tfia ^lectromagnetjo bafance 1 60 . Pl the ^ight- 
errs^nrng didde, Q1 Is the photodiode. Output Jl supplies the voltage whteh is dependent on th^^ posK^on of the arm. 
This output is oonnaQted to the anslqgu&^o-digttarconvert^r and pr^^ for CQsitinupus 

cofrtparison of the aGtuai po^tlan of th?jj arm^ w^^ preset vaiua. The feedback circu^f produces j^ignaJ proponlonaS 
to the oUrreot needed to suppiisd to Ihe coli to oontrof the positbn of the arm. This signal in th& form of a voltage 
m appjSed to the input J2 and ite current Is taken from the output as marked "Moving Coir normally Ihs cosl 161 . 
[0093] As has besn shown already the dependence of the b frnking voltage is a f unctjon of the volume of th© droplet 
on ths dispensing tip. ^tijecomes iniportant tD ascertsin ©xaciSy whm the droplet is releissed f rom the dispensing ti.p. 
?P Accfordir^gly the snventJO n provides vanous methods ol d^teclion of the separatlcsfO of a droplet fmm the dispenslngf tip . 
Once the eiecl:rDStaijo force oau&ing the drop off to be achiev^cl is known, then the wlurne of the droplet can be 
calculated within fe^a^^v^!y fine iimM. 

[0094] Referring to Fig 20> there ss ill ustratad a detector indicated generally % the ref ererjce numerai 1 70, for sensing 
th0 sep^ratpo n of a drepiet from the disperising tip, AgaJn tor lilijatratjye purposes the dfspen£Q;r40 of Rg, 2 N iHustrated > 
The deteptof 170 comprises sourpe 171 of e!>2cfromagnetic radiation, an eieeEmmagnetlG CDIfectof 172 and a oontroHsr 

173 Gonhected to tha eiectromagnotic radiation source 171 and coliaotDf 1 72. 

[00^6] (n this ernbodiment the eleotrorr!agn0tiQ radiation ^oun:;:e 171 is a laser Tl^ete is illustfaied a laser beam 1 74 
ernanating from the eleotromagnetEc radJation source 171 and then etiher being refiaeted as a further taser beam 175^ 
to the ejectrotriagnelic coHectpr 172 or as i^ beam 1 76 passmgjstraEght beyond the db^^ 
58 is not in position, 

[00S6| The term ^radiation traosrrst^ed- ' when used In this speoif scatbn in re^peisi of a drppM covers both reiiectlorr 
and ref ractton^ 

it will be apprmated that only afractEon pfthe l^erbeam 174 returns asthsbeafn 1 75 to the eleetromagnetjc 

r0diat?o?i coHector 1 72. 

35 [OOSBj Belerring to Fig. 21 , there is Hiustrated another constr uction of detector arrangement indicated generally by 
the referer^ca numeral 180 in which parts sjrni[art0 those desorfbed^^w reference to Fig. 20 are Identified by the same 
rsrferenee numerals. In this embodimeni i?4 is either a refracted beam 1B1 if the droplet 5@ is In posftion or is simpiy 
as before the bypassing bemn 178, 

[0099] Referring now to Fig, 22 there Is ill ustratsd a slightly different arrangement of the detector Illustrated in Fig . 
40- 21 end thus parts sj^rniJar to those descnbed wit to the previous drawings ane Identffied by the same reference 

numerals In this embodimanl a;ddtenai scatiered iight beams 1B5 ere iffustratied as ?s a rnedu^^ator IBS and a iock-ln 
HrnpJifier 187 A sig^nal input to the ioek^n amplifjer 187 Is ide^^^ reference nurnerH? 1 88 arsd a reference input 

stgnaf Is identified by the reference numeral 1819. 

^1 0O| l^eferring now to Rg. 23 there m iilustrated a further oonstructidn of detectorindicated generaffy by the refer- 
^ ence n umera^ 1 90 agai n used with the dispenser of Ftg, 2 and in which parts slm^iar to those descnbed with r eference 
to Figs . 20 and 21 are identffiod by the same reference namerafe. 

[01 01] in this embiodjmsnt the e^eetrornagnetjc radiation spurce 171 deUvers mdiation through a fibre-s^tk? oa&je 
191 down the nozzle 44. Reference numerals 192 and 193 show the nrtenisscus ef a droplet being formed on the dss- 
pensing tip 46, namely one forming a flat menssous 192 and the other s cuived meniscus 193. The beam 174 when 
^0 them IS rmms>om 1 92 on the dispensing tip 46 wiil foe dellyered throtigh It as the bearri 1 94 to the detector 1 72. 
However when the meniscus is a cuaj^ed meniscus 193, the beam 174 wjJi fee deJivered as a baann 195 and a further 
beam i 96 away from the deteGtor 1 72. 

[Ot 02] Bafernng now to Fig. 24 there is Ulustrated a further construction of detector indicated generally by the refer- 
ence nurner&[ 200 in which the pafts slmiJar to those descnbed with reference to the previous drawings are identified 
5^ by the same reference numerals. It mil be appreeiated that in this enibodirnent th^ bearn 174 will aSways form a reflected 
beam 2G1 onee a droplet whether formed or not Is present. Th^ ref bested beam wHf vary In Interisity, Thus ther^ mi\ be 
a variation detected at ths detector 1 72. Jt wiil be appreciated that an optica} coupier will need to bo InstFJied bo^tween 
the electromagnetic radiation smrce 1 71 and the oofiector 172 on one side and also in the fibre-optic guide 191 on 
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the oth&r 

{01 03j It wlW be apprec iated that 1 d cottaif^ s^Tibodflr??enls ©f the in vention It wlJJ be necessa jy to calibmt^ the dispsnsEfjQ 
assembly for es€h new liquid or ra^gsnt J^andr^d s^nce explamed abo^e INe voiume dispensed depends on me 
pr&pertses of the llqulti and especially on th© ylscosfty thereof. Therefore ^ach tim© s new liquid of y nknown pmperties 
IS to be dispensed . the dispenser should be cafibrafed. As explaj ried akm/B the usa of an efectromagnetic balance eis 
descried rain wpuid b& i^artlcuJarly suil^bJ^ Further astes b^^n ©xplained aJmadV: the drojpGfl vxjitag© jsafynctsor^ 
of the voJum© m droplet, and ovar a substantmi mng^ of voturtles ft Is etactws>1y s mDnotDnous f uncrUon . That ss 
to say the smaHer th^ volume of the drop, the greater ths drop off voStag^ for a gh^en diameter of thB rtD22:3a S;nd 
a given flujd. As wasshown already with mfemnce te Fig. 14 this js monotonous for 8 mnge of soma40 nJ to wall 
one mtcrofltrelor water Furlharjhe range c^to which tbs fyncti&n is rnonctor^jyacan be ac^iust^^ bycbangsng 

the bora of the nozzle. Tnerefore, by varyjng flia voUage and mannoring the mc^mer^^^ When tt>a ciropfet ss detached 
from the dispensing tip, one caii asoeftain da^Jy the vojyms^ of the droplet Monllonng the itiomeRt of the drop off Is 
a m iich simpler task than the one Qt cmplBX measuremerit of the dftsp voiumein nigtht HQwevsr, as^w^ be ©xpiatned 
later this oan afeo be done. 

[01043 As explained already one method for the dimct moa^urern^nt of the volume of the drop which b not based 
on the ^Mec^^on of ths aeparatjon of Ihs droplet from th^ dlspensmg tip would be to measure the charge of the droplet 
as will be described theremafter: ft Is proposed m the presenttnvent^on to lise a Faraday Pail m oonju notion with the 
present invenllon 

[O1O0| Faraday Patis are weN known and are described m many ptibM^shed doouments j[s;ee lor ex^mp{e indiistFial 
Eieotrostatic^ by D M . Taylor and P,£, Secksr, Research SttJdie* Press, 1M4 ]SBf^ Q-47t-0523333'8) and EleGtrostat- 
k^: Pnndp^0g,: Prpfelanris and Appfeatsons by J. Cre^s, Adam Hilger ISBN 0-85274-539^3) Essentially, the Faradais^ 
Pm\ Gonsf^ts of an outer shield and an inner conductive box or chamber The shield arid chamber are vv^e'l insulated 
from each other and indeed It ]s advanlageous to keep the outside shield and the ohamber at the same pdtemlaL In 
this stuat^on. a charged dmpi£^ arn^fng at the chamber induses the same charge with opposM a^g^ at the sartaQe of 
itte chamber. This cha^ige Is created by the curmnt flowtng from i*nsk3e to outside v^^^ be eas%* measured a 

charge nieasufefnent circuit (Sanera^ly, the dispenser and hence the nozzle wlil be maintained at a relatively high 
voltage, and ihe shield and charnbar connoGied to groiind potential, as wHJ be descnbed hefefnafter, the chacge oan 
be n^ieasured wfthout catching the dropiet In me paH. Thus charged droplets will progfess thmugh ttte ihdueedt^arge 
detector which is eflectiyefy the f unctipn of the Faraday Pml 

Test No, § 

£0106J 

rarad^^y Pail at grotirtd potentiaS 
Dispensing tip ES at the potential 2K¥ to 4KV: 
Distance to Faraday Pali is 17mm 
Be^t of dispehsfing assem^Jy ats Te3st No t . 



Activation Phssas 


Phase 1 


0,2nis 


Phase 2 


i O Brm 


Phases 




Phase 4 





hig, 25 lyustmies thai the charge is directly related to the volums of the dropl^. 
Test Uo. 7 

[0107] A tLSfthert^t vtfas carried out >vithout the «ee of the pajiat ground potentlai Ail the conditions mmmn the same 
as m Jest No.6. 

pJi OS] Rg 26^hows the results obtained fromthis teet again th^ ch^ ^ direcdy mlated to th^ volume of the droplet- 
JOIOS] Referilng now to Fig§. 27 and 2S there i© ^hown typjca^ argnaf detection ^aees from the Faraday PatL In Fiq; 
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27 tlism is showR a alnaf^ge in the output vojtege of a charge amplified as a result of the diarge of approKEmately 
3* 1 0^ tic aftd It is easy 16 calcuiM^ the volume of the dmp from the caiibreition cu rvs of Fjg . 25, 26. 
[0110] Ri^. 2S Shows the ;2oc>m In t«) indicate the extent of the noise and sensitfVlty of the system . 
[0111] Refernnt^ ndw the Fig 29 thara is jlfustrMedthe eisctronte circutl of the ampifffer rTseasu ring the charge in the 
Faraday Pa^L riietwo mpufB arihe arnplife^ Faraday Palh respeo- 

tsyeJ^f The ralay is added to the eircyst to pr©veht damage to th^s ^jmplffiar hy: electrDstailG charge when the cimuit is 
idle . By d©a0tiiv^ing r^i^y th& t?NQ inputs am cbmm^ \x>gmhor and they are aiso conneci&d to the autput voffe^e 
ORA111 to bypass th^ storage GapaQilor Ct. is advantageous to have the steerage capacjtor CI haYsng a value of 
capadtanoe much greater than the capacitance between the chamber and the sh seld of the Faraday Pait 
|0112| Referring slow to Rg. 30 th^re 1s iPustrats^d the use of a Faraday Patf mdiqated gen&ra% t^^^ the reforenes 
numcml 210 for lise in a dispensing assem referenGe to the Figure 1(5 above, ip. this 

sfnbDdEhi^nt a high voltage source 211 is i^onn^dfed to the the Faraday FaiJ 310 CGmprises of an Inner 

chamber at 2 and an outer shield ^13 connected to a controller St4 In the form of a charge arnplffisf: \n m& samples 
of droplfiis are taken and an average for drDplet volurne and rnass Is caiculated; 

[0113] Jo measum some par^matars of a dispens^sd <^ro mass;) a contaotl^ss method Js fmplemented: 

Th?s meihbd is bas^d on the Fam^ 

[01 14] In a eonvehtiohaf Fetmday RatJ a? descirlbed 1 n the dlacJdsu re a droplet reaches the bottom of th^ inner chamb^' r 
and stfck© to it An output signal of the ch^f^^ arnpiSfidsr v^i! ha a step4ik^ fundtson. The height of the indicates tJt^ 
valu© of th© arnved charge. 

[OliS] \i m ia^ott&nt m QmphB^^^ aiL The 

charge measured can be created by induction , Putting the charge fn&sde the f arBday Pali induces charge on ths lntier 

charnib&r, and remDving the charge from It cancels th^ Induced charge 

[011S] WNen the drop set passes the bottomless Faraday PM, the charge ampliner will create only a short pulse at 
its ou^ut- The rtsirsg 0dge of this ptil^e Ml correspond to the amv^aS of the ohargis in the eh ^nib^sr while a tailing edge 
Dans^ond$ to the thsrg^ 

[011T] The wsdth oi this pulse Is proportJdnai to the tirne of th© droptet flight through the pall and theretore^ i^ 
proporilonai to the speed of drqplet. 

[01 165 height of the piitee peak is propori'Dnai to the charge of droplet 

[01 1 9] From these paranieters we pan obtain x^^^fqe of the droppers chsarge on the f fight as weJ ! as the; speed of the 
droplet accelerated isy electnc flisid after Jt left the tip, 

[01 SO] Information ^out the voltage between the tip an d the Pml charge and speod of dropset pmvid^s an estmata 
of the Qharge-tG-mass ratio for the %ing droplet, pfpplet^ with dtfjerent charge to mass rstsos will have different ^c^i- 
ensilbn and t?nai^peed in viscose aif^ iisfhtch can be dented by tha pall. This msans that charg^-to-mass ratb can be 
estimated If the appfed voltage and the fsnal speed of droplet ar^ both known, OtvSding the droplet charts byits charge- 
to-mass rat to glves^ mass of droplet. The spewed of the draplet and the calcul^^^ frorn the oaicu Sated aharge 

to nmss rat to cari be aohieved. 

[0121] Refernng now to Fjg. 31 there ts iilusirated a fiinhero^^ of Faraday Pail sndjpated generally by the 

rstafance numeraj 220 tjavsng an inr^er Ghambar 221 ap outer shield and a pharge arnpfer ciro^Et forrnlng 
0pfi1.rdller 223 

In this embodfment the drop off voyage is determined by the poiential dfffe re Bca between the shield 222 and 
the dispensing tsp 46 of the nozzle 44. 

101 23] Refarnng now to Figs, 32(a) and 32(b), there Is jSlostrated an alternative copstmctlon of dispenser rndlcamd 
generaiSy by the reference numeral 230 substantjaJJy sjmilar to the disp^r^ser fliustTatOd w]th neference to Rgy6 and 
thus the same parts areld^ntitledby ^e sarne mference numerate Ir this embodiment there is iilustrated a valve boss 
231 still of substantially axlalty symrr^etricai shape having a plJjraH^ of otfcurnfer0nt{a[ly arran9^d cut-out sl^ 
lormlng pfrcumferBntmily arriangod f?*^ 233. As can be seen m use the ^ns operate tp fence th^ Isqutd down towards 
the valve seat 43 

R^fsfTtng to Figs. 33 !o 36 inclusive there Is Itrustrated an alterrsa^ve construction dispenser Indbated generally 
by the reference numeral 240 substant^aly similar to the dispenser 70 illustrated in Fig. ^ and thus the same reference 
numerate are used to identify the same or similar parts. In thte enribodlment there provided a sphenca! valve boss 
241 of a softrnagneitkr rnatanal the dispenser 4^ is mounted b^twes^n af^ upper coil 242 and a Jo w^r go it 243: each 
wmpped around a GDfe of soft magnetb matenal 2^ ar^d 24^ respeetjveiy TH\b cGnstnictio n is particularly advanta- 
geoosin that it allows removing the dispenser 4 1 white keeping the source of the gradient magnetic field In place. This 
Is particularly advantageous for repSaclig contariDlnated drspar^^ers . 

|01 2S| B^ferring now tp Figs. 36-3B inolysSye there is iifustrated an alternative oonstruot ion of dispenser mdlcat^ 
generaiJy bytheraference nynrieral 250 in which parts sirrillar to thos^des^^^ 

are Identified by the same referenee numerals. 

[01S6| In this embodiment there is provBdad a separate valve boss actuating assembly rndtcated generaiiy by the 
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mferatice nurneral 261 . J this embodiment th^ dfepan^er250 in CQrpKsrHtes a spteneai vaive boss of a soft magoetie 
rnateria!. The actiiating assembly 2S1 qomprfees a permanent magnet 253 moiinted in a nox^^ie ambracsng U shaped 
Blmm 254 rnovabfe up and down relalsvs thie body member 41 by a pn^urnalic ram of which only a plunger 256 
shown connested to the sleeve 264. 
5 [01271 Preferably the dfspsnser in far as li composes the eiangt^e body member the valve &^M m<i nozzie can 
be manuf acTu red from a sutafe!^ polymer mal^nal by miens m^chirif ng or ij^dsed any standard pciJymer mass productior) 
tochnicjyie ^ch injociftbn moulding; I'h© puipo^ of this is to proviefe a dtsposabfe dlapans^r Ths body 6f ih& dls- 
panser Qould be also mafiyfaetured of other ma^©naJs such as steel 

|012S| Tha va^va boss as will appreciated trorn the descrptson above can be cylmdncai/sphencal or indeed a 
m body 0f any gsDmetrio ^bap© mads {i-Qin magnetic rnManat tor ©mmple sron/f enite or NdF^B. It is prsffer^ly coa1^<l 

with a poiyrrief or inert l^y &r o1 another material to prsveM chemical raacSdn between boss an d the liquid dispensed . 

In order to obtain a good seal vssfth tfle valve seat the vaiVB bos& nead to be coated with a specially ssjecr^d soft 

polymer such as cherrfcaliy fert rubber. The choice of the materiaJs for the eoating on the boss depends on t ha 

raquimments of the liquids which must be handled by tha dispanseF: Tlie most ?ikaiy maienalg sru^l^ 
^5 such as VITON, p0jfiuo!x?elaste>mafB; sucn KALREZ and 2ALAK £ind ?or1^s& den^nding ssppiSc^^^ matanals vvHh 

lowBr cosi couSd consldemd such as NfTRILE. TEFLON (PTFE) coiiid b© Lssed Jn GORjiinci;c>n wm Ghemac^Jty 

gr^BBwe liquids. \f nOH, m^ 

[013] The valve bosa may b© made of magnetic mar^riaf bonded in a ffsxibla polyrner, Thesa matenafe cao have 
either hsird or soft magnetjc properties as r&qutrsd. Tha specific choice of materiarwHI be datermtned by the cost- 
^ pmtormanc© ^>OBSt^^^ M?it^da(s of famt^ies FX; FXSG^ FXND rrianufaGtiir&d by Kane MagnetJes ^e s^^^^^ 

Q^er matenais such as magnetjc rubbers oars be also used. Makmg th^ boss of a meGhanbaHy soft rnatefiai om 
improve the perfofrnance of the seai 

[01301 jt Is envisaged that the dispenser may be ops^fatsona^in either active or passive mode, m ths active rnqda the 
valv© Is actuated to makg an operj-dose clrou^^ eseh dispensation ^d ^piration. In this trtcda the dispenser is 

^ connected td a vacuum/pressure ^^^^^ I n the passive modethe dispenser 

connected to a syrmge pump as ilbstrat 
|0131j It la Important to note that in a prefen ed emfood^rneni according la tha invsntian, the valve boas is made of 
hard magnetic matsriai i e. a matenarhaving a wel{ defmed dsreoaon of rnagbetlsaUob even in the abset^ce of any 
exfarnaf nn^$n©tjc fl@}d. In a cortveMlonaJ solanoid valve, the p^uhg^r is i^ of soft rnagnelb matenar such 

30 aa ten pr a-on-nlak^l alfey. This matenal has ho^ign^flc^Rt magne^^^ absance of an eternal magnetsc field 

I n a pmf arred conf iguf ation the vaive boss \s a cyfind^&r with the axisynirnetrica} m agna^sation for mstance In diractfen 
al ong its axfe. The dispenser could also operate with a boss of soft magnaijc niatariaL Hovvevef, its perfpfrnaqoa has 
been f oti nd to h& not as good for dispensing the mmiite volumes such as 1 00 n t and smaller, because the force whk^h 
c^n be exerted on the yafve. bas^ by a cu rrent coll m much smaller. A smatiar f orc^ means that the va iva boss mDvas 

^ siowiy w^d the accuracy of the dispensing m reduced. Afeo , by u^mg a bos^ of hard magns^^^ matarlallt is passible to 
avoid the use of two co^ls and to use only one. In order to close the vbIvq as! that is reqiijred is to reverse the direction 
of the current in lha coeL If the boss Is made of a soft magnMb matenai then qoii^ need to be used^ one to open 
the yaive ahd the other to Close it. 

J[01:35J In pfractloe, with the present invention the dispenser can dispense volumes as small as 50 nl without any 
40 eJectrostatlcfield if the pressure ?n the line is as high as 10 Bar. It Is often advantageous to decrease the pressure in 
the me con nected to the dispenser The dispensing assembly opemting at a low pressure has considerable advantages. 
The connectioo requirements forthepneumatfe compohahts are less stringent. NorrmJIy I is d^sjr^^^ 
push fit connector in robots dispensers for these appllpatjpns- The Invao^^^ at reduced pmssures allows 

using a simple ptish-fit connection between the dispenser and the prsssMrelina. whidi is a de^lr^je feature of ite 
dispenser. 

|0133| Further at iower pressures the drops are elected with a lower speed whkih mduces the chano&s of ^piasNng 
as the drop touches the substrata or the well plate High pfessbre in the iina may r^ult in gases dissolved m the liquids 
disiaehsed: This is not ascepti^ble for many bioJoglcai applfeatlons. The gas dissolved in the iiquid dispensed can also 

result m smalf air bubbles at the nozzle, w^hich make its opara:iion u nreliabse. 

^ p 134J Ho wever, mdueing pressu re m the Ime compromises the ability of the dispenser to dispense smair drops, Th^e 
drops grovif on the noz^te tip but do not get detached froiri It and eisctras^^ required 
£0135| Essentially the technique Gornpnses firstly openmg the vaive of the dlspenserta allow a droplet of the desired 
sia:e to grovv on the dispensing tip. The valve is then closed and subsequentiy a strong e^ectrostBtfe field ts generated 
between the dispensing tip and the su b§tj ate on which the droplet is to be deposited. As the VHlue of the field Increases 

^ from the initial zero to a final preset value at some stag^ it will exceed a cniieal vajue which wlil cm^& the drop o^ of 
the droplet. 

101363 dispenser can aiso be used with the valve conijnuously open. In this case the tJuid from the dispensing 
tip is ejected as a jet The flow of the jet is deter m Ined by the prassy re In the line con n acl^d to me dispen ser arid v^here 
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pr^s^nt the vafua of tiie efsctfostatic fie^d at tte nozzJ©, Tp\B. Jest ms^ split jnlo droplets partly due to the aiectrostatfe 
repuJsion betwessn the charged parts of the Jet, 

pi 37] Wsth a further mlnjaturisaiidn of tHe substrate targets , It becomes increasingly difficult to ensure that the drop 
reaches Ihe correct destjnatbn as it is ejected from a iiqusd handJtng system, for appfscations such as high -dssnslty 
^ arj'ays, the size between th& subsequent dmps covering the sufostratev henein cabled pkch, could 'oq as small aa 0. i 
mm. in this mventjon there are two diftsmnt rr^sans of controlfing the dsstif^atscn of the drop, both are based on the 
sl0ctrostatb lortB^ acting on tha drop as it travels betw^arj the noaixJe and the well. 

[01 SB] Tha frrst way Is to generats^ the eJectrastatiio fMd with a sma^t chargect receMng aJectrode positioned under- 
neath the vifell instead of a Isrge conducting piate. The size of t^e electrode \& smattef than the s^b of the well idr 

fp acouratQ navigation, it may be advantageous as descAeci above to have tb© reoojvjng efectrode f n the shape of a tip 
to produce the ^rssngsst «leii^rfe peid of a d^ination weil. The electrode pmduces a strong electee field 

y ndsmeath the well attracting the drop to the required destination position (usuaiiy the cen tre of the W0\\}. The rec^ving 
electrode may be attached to an arm of a positioner capable oi mmmg It underneath the weH plate and pointing to ths 
mr reet destination wsff, Alternativeiy, the sampie w^t piat e may be repoj^ttiofisd sd^p ve the recelvmg electrode m order 

f5 to target a different weiL I? may be necessary to rnove the dsspenisfegt^^ receiving aJgetrdde synchrortpusly. It may 
be advantageous to have a modiife with a n umbar of receiving eJectrodes which eould bo corpneclsd to the high voltage 
sLspply Independently. The distance between the electrodes could be the same as the distanoe between ihte centres 
of the weHs in a weirpjiate this case the drofis could bs navigated to different waiis wllhotit actually rnoving the 
dtspensfif or ihe r eo^ivi ng eleptrode. 

^ fpi 39] in an arrangen^em dascnbed above daf teotibr^ ©lectrodes am positlor^ed aio ng the path betweer? the nozzle 
and the destmatson weit . The electrodes are charged high voltage applied to them. As the dFops leaving 

the dsspenstng tip are charged by the vosiHge between the dispensing tip and the moeiving QiBotrodB, they wWl be 
deflected by the deHection electrodes. It teimportant to realise that diihng the eiectrostatlc drop of, the elsctrDstatic 
fore^ a€5tmg or? the drop cJputd much greater than the gravity fwce. In this casa a$ the drop tlii^ betw^er) the rsozxie 

^5 and the substratd , the direction of the path Is detsmiined by the direction of the ejectrositatic tl^ld. 

[01 40] While it explained above In many Instances necesssry to caijbmts tha dispenser for each ?iew liquid because 
the volume dispensed depends on the properties ot the liquid and of the no2^^e. In certain instances this is not required 
as has been exp lamed above, 

P314t3 \n the present invention vs?e also envisage, as descnbed above^ the mpnt^^ of the droplet in ffight. ft ts 
irnporlant in many Instances to b© absdlutety oe^ftalh that th^ dmpletwas actiially dispensed and ideaily aJso to asce?ialn 
the voiiime of the droplet and this has been desonbed in aonsiderabie detasi above. Also it must be noted that the 
present invention proposes a methc^d for the dtreot measuramenlB of yoiume of the droplet which is not based on th^ 
deteation or thg timing of the drop-ol? but on direct measurernent of the oharge on the droplet. 
[01 42| it has been found partiouiariy advantageous to separate the actuation of the dispenser Jnto distlnd phases. 

3s The fIfBt phase is accelerating the valve boss fast from the In Itial position when the valve is closed by sending a short 
pulee or a large current through the cDit or coi^s. In the case or one dispenser manufactured In accofdance wth the 
invention, the duration of the firBt phase is typically in the range of 0 2 to QvBms. The second phase is mBlntalh^ng the 
valve in the open p<>sS:^Dn and durmg this phase, the corrent in the coif is cohsidembiy reduced. The duration of Itie 
second phase mainly deternisnes the voiume of the droplet dispensed as demonstrated above, in dispensing aasem- 

40 menufaetured m accordance wtth the present invention the duratfen of the second phase of sorne 0.1 to 5ms 

would result ^rs ^ie volume of the dropfets dispensed being in the range of 1 DO ni to some f$w micrplHres. The thjrd 
ph^se Is cjpsmg the v^lve with a short pu be of a high current In ihe case of a specif ic; dispenser constfijcted the 
duration of the third phase was typically In the range of some 0.2 to D:4n^s. The fouith phase is maintainlhg the valve 
in the closed position. I .e . holding the boss against the seatfor the duration between cycles. The vaSue of the current 
during the fourth phase wa$ typically 1n the range of some 20% of the peak current supplied through the coli/cpiite 
during the first and third phasesv Such a separatjon is advantageous as it asfo^w^ gsFtling the highest value of the 
actuating force from the coiJ or coi^$. Dnvihg a large current thrpiigh a coll or colts over an extended length of tim^ ?'^ 
cause overheating with a detrirnenial effect. However, dudng a short p j be, a much^^^ vafue acceptable. 

A much higher current resuftlng in rnuoh h)ghw ^USEting force Is parlteulady su^tabi^ tor dsspsnsihg of dn^Jefs of 
asjbmicrorftreA'olumes. 

[01 43| A sirnl lar Sep aration Into Separate phases cart b© advantageous dMnng the aspiration of the i^quids. 

[01 44| It will alsD be appreciated In accordance with the present mvention that it does not rely en a positive displace- 
ment pump nor Indeed does it reiy on the CGnventional normai constniction of solenoid valve> At the same time the 
present invention can, as shown above, be applied with advahtage to positive d^^ The 
m es$emiat pdint then is that the positive displacement pump operates as a source of pressure difference, not as a 
mat^rtng device: There is ho mechan leaf bonnection betvveeh the vatva boss and other parte cf tiie dfepenser, stniilarly 
there Is no mocha nicaHy actuated moans Involved or a spring for eloslng a vaive boss. There Is virtually zero dead 
vofume in the apparatus accordrng to the present Inyention whilch increases the accuracy particularly where smaller 
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volumes are ? uned, B)r hay frig tHe dis^pi^mer sepsfate from the actuating gqIss efe, . Jt Is po^^j^fe m pf^jciuce a v©ry 
low S0^t di&p^n&er which can easily and rapidly mmoved tfiios avoiding cbst and ci^ss c^a^tommmiori pmbiems. 
Th^re ts thus gmat dtiKpo^abilifty wfth the present It is ^Iso acivantageous thsit the presem qao work 

at both high af^d Iw pmssuras. 
^ In the speGifjcation Ihe terr^m ""camprbe, compns^es^ Gompr and oompnssng'' or any vanatson Jtiemof OTiqi 

th0 iQ-nm. ''imM0, mdu(i^^, jridaded and inpiudif ng" sr any v^fiatlon thereof am considered to be totally jntemhsin ge- 
abi^ srtd th^y should all be Morded th€f widest possible imeipmtattfejit atnd vice versa, 

[0 1 4Sj The mventjon is not limited to the ^mb6dimeTil herelnbeto^ described, but may be varied In both oomtrxicpon 
and d^stisil witr^in iha soope of th^ ciairns. 

ia 

Claims 

1 . A dispensing a^s^mbly for yquid dr^spfsts of th^ type compnsrng a dispenser hwmg sl rmln bote oommumBtmB 
wif h a nQZ2iB having a nozzle bore terminating m a d^spafisin^ tsp, and dellv^sry nrieaf^s fer moving Ij^^uld to #ie 
dispsnser a^id from there thr&ugh Ih^ bore to forrh a cfe-opiet ofi iM sxt^rtoir of the Up and then to cause th^ dropiet 
to fall 0lt themfrDm, c^haj^e^^^^ 

ths deUvery mejans {21 > comprises a separate pi^ssodsed ItquSd delivery satires (22) for moving pressurkijd 
^ liquid tdt^&dssp^nserl^^ 

the dispenser ^4()) Is a metenng valve di^pajis&r md comprises: 

an elDrtgala body member (41) having a vaJve sdat (43) formmg entmnca to the nozzle (44); 

a separate fi&ating vHlve boss (47) of magnetfo mat^rialf^ousedj the body member (41), tha cross sec- 
tiomt ama of which is suffjdentSy iess thsn thai of the rnain bore (42) to permit the free passage of ilqutd 
therebetw&en bypassing the valve bo^^^^ 

^ a s^pame valve boss actuating assembly {50,S1 ) adjacent the body member: 

2. A dispensing assembly as eJaimed in cia^m 1 m whleh the valve boss (47) Is a hard ma^nelic matenal, 

3. A dispensing assaitibly as daimsd irt daim 1 or 2 irj whbh ths valve boss {47} Is covered with a feyer of soft poJymer 

4. A dispensing assembJy ^s claimed m arty preceding claim in which the vaJve boss (47) b manulactured from a 
flexibie poJymer bonded magnetic m 

^^3^ 5. A dispensing assemble as olalmedln any preceding daim in whj^^h the valve boss actuating an eleo 

trfcai ceif (50,51} sorrduf^^^ 

6. A diapensihg SESsambiy as claimed In ciJaim 5 in whic^ the vaivs boss (47} Is biased tp a de&ed j^osition Mo 
engagement wih the vaK^e seat (43) by an ^sisier^ai ffiagneticf fe^^ by the aduattng coti assembiy {50,51 ) , 

7. A dbpensing 0$&embiy as ciasmed m pialm 6 or 6 in which the actuatmg cell assembly comprii^es tv^ s^arate 
sets of eoiis iSO.m) for movmg the vaJva boss |47J in opposite d^resctlons v^tthSn ^e body member (41 ) . 

8. A dmpensing assembly as qiatmed m ciajm 7 in which th^ actuating coll assembly comprises a source of electrieaJ 
5^ power and a controller (25) for vafying the ciirmnt ov^r time as each droplet is bein^ dispensed. 

3. A dispensing assembly as claimed In any of ciaims 1 to 4 In wfi bh the vajve bes§ actuating assembly (250) com- 
prises a pertnanent magnet ^63) ar>d means (255) lor moving the magnet along the elongate body member (41^ 
towards and away Itom the valve seat {43} 

1 d. A dJ^ansing assembiy as claimed in c^am $ in which the rnagnet (263) is substanflaily U shaped io embrace the 
body mssTiber (41 } 
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11. A dispensiing assembJy as ciairrsed tn sioy of daifns 1 Xo 4 la which vatye. actuatJng ajjsembly (240) oornpnses a 
pair of i^pacec! apart i^iagnetizjr^g assernbHes &Bch compmrng a coii (242 and 243) wrapped c^round a cone (244 
and 246) of sifl magnettc rivi^iteriaL 

5^ 12. A dispensing assemisJy as daim^d lrt claim 11 m vfh\chtie Qm0 i2>^, 2 U shaped to ©mferace 
the body member, 

13. A dEspensjng assembly as da Imed in any pj'ecedsng c!alm in whach the^ body marnbar {41) ^nd- 
nozzl% (45} form the one separate sub assembly ?Biaasably d^ mrnamder otthe di^pan?ar (40). 

10 

14. A dispertsing assembly as claimed in any praoediFtg claim in which tfi^ valv^^ boss (4/7 ^ eon$Jruqted far lim^tod 
movemsnt Dut of line with the mam bore (42) loi^gsiudirial axis, 

15. A dispen^jfog assembly as datmiBd m any preceding d^im Jn vvhtcti tn^ valve bog^ (47) is a cyHndficai psug (01 )> 

A dispensing assembly as claimed m claim 15 in w;hsch: -he cylindrical pfug has radjaily: e>ctendmg oireumfsmntja! 
fins (£33) whorefoy on moyemenl of the boss towards the valve seat Siquld is urged snto nD2;^le bom and onto 
the tip, 

17, A dbp^nsjng assembly as cjairnsd in any pr^edmg plalm in which tho body member 41 mai th& nozzW AS form 
the one integr af rhoulding of piastfes matsnaf . 

IS. A dispensing assembJy ^s^^^ in a;ny:of claims 1 to 16 in wfiich the body mernber 
niade from $mtn less steei. 

25 

1 9, A d jspensjng ^a^^^mbiy as clainl ed m any pmcedi n g claim compnsing ; 

an eieetrode incorpGrated in the dt^pensmg tip {B); 
3£? a separate receiving eleetro^^ (123) remote from the tip (8); and 

£5 high voltage source (125) cDnneGted Ip one Qf the eleotiodes to proytde itn ^iectfostatic field thefebetweeh. 

20. A dispsnssng assembUy as dalmed in clam 1 B lii which the recetving electrode ( 1 23) is beiovy the dispenslngtip {8J . 

35 

21> A dispansmg assembly as cJajmed in dasm 1 9 or20 in which a droplet receMng substrate (21 ) mo uh^^^ 
the rsceivmg e^strtfode (1 23) and me dispenser tip (8). 

22, A dispensing assernbly as Gialrned^ m 1 9 or 20 ^rr which a droplet receiving substrate is mounted below the 
40- recaiving elisctmde, the recsjvirtg ^iectrode havjng at least one hole tor the droplet to pass thrDugh to the receiving 

substrate {121). 

23* A dispsnsihg assembly as ciamed in clam £1 or 22 In which there is a plurality of receMng el^ctr&des (131 ) at 
lea^t one oi whiph is activated at ar^y time ■ 

45 

24. A dispensing as^.©mb{y as claimed In any of ctalinns 19 to 23 Jn Whtdh synchrdhous tndexjh^ are 
provided for the dispenser |40) and th e rscefving electrode (131) f or acoii rate deployment of drdpiets on the s tib- 

strate (1 2t5t. 

A dfepensing assembly as claimed in any of clarms 19 to 24 in which there is more than one receiving eieetrode 
fonrsing droplet defledtlori electrodes (141 ,142) whtch are rhounted bejdw the dispensing lip {$) and above the 

droplets receivirtg sub£trate (121) and in whkih theh 
applied to the def lectiori electrodes, 

55 26. A d^ensing assembly m claimed In any preceding claim compnsinp a detecior (1 70) for sensing the separatton 
of the droplet ffonn the dfepensmg tip. 

27. A dispensing assembly s%s cJaimed m ciasnrt 26 in which the detector (1 70) comprises: 
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means for fpoussmg the radiaijorj on the ^nd of the dispensing tip; i^fid 
^ means for ccil^ti ng { 1 72) th0 mdlatjon transmitted by b droplet on the dmpensing t^; 

?8. A dkpenslng assenib virfibh th© soisme of radiation (1 71) Is rnayniedwSthtf^the dtspeiisf*?- 

to 2% A dispens ing assembJy as clalfm&d in any of cikms 1 9 W2B mwhlch meains am pr&vkied tor maasy ring the charge 
of the droplet 

30. A dispenslmg assemdjy as dairriad m pJatm 29 eompr^Ehg a Faraday Pail {21 0), 
1^ 31 . A dispenssng assembiy bSaisri 29 eompr is'mg a bottombss Farad# PaH {^^ 

Amathodof dispensmg admpletha^^ 

source through a metering vaJv^ dispenser comprising an elongate body memb^>r having a main bom communis 
eating through a yaiya saat with a nozzle having a nmzle bore terminating in a dispensing tip, a separate floating 
vaiv@ boss ot magnMic mator?Si hoijsqd in the body mambar the cross se<:^ional area £>f wh fch Is sufficiently J&sa 
than that of the main bow to permit the free passage of liquid ther abetween th us bypassing the valvs^ boss ; and 
s separate vaiw boss actuating oaW assembly sot-rounding the body mamber, comprising th© steps ot: 
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d€sj ivsfmg ihe pressunssd fiquid to the dispenser: 

Qpenmg the valve by aotuatrng m^ mi] assembfy fsr a preset time to dsiiver liquid around the valve boss into 

the noi?/ie bora; and 

cJosIng the vaive as the dfdptet la^fs dt. 

33. A method as cialmed In cJaim 32 in which the step Is perfDrmed an the vaive being shut off of genarating a pulse 
of Gurrent at a rec^etvlng aieatmde remdm tram the dispensing tip to generate arj aleGtrD^tatJc fiefd tp eause an 
eteGtrostatic potenttaf bMwe^eh the dropiet and the receiving ei^trode to detach ft from the dispensing tip. 

^ 34, A method a^ eJaimsd m claim t2 or 33 in whi^ih the 1 iqu id ts prassu rtsed at l^ss than four bar 

35. A method as claimed in claim 32 or 33 in which the isqutd ts pressujised to less than two bar 

A method as ciaimed in any ot clams 33 to 35 m which the reeeMng eJe0trDd& is n^punl^d beneath a droplet 
r^selving substmts between 

37^ A method as Glasmed In any ol cialms 33 to 35 in which the r^sMhg e$ eE^rode !^ mounted between a dropiet 
receiving substrate ahd the nozzie. 
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38. A mathod as dasmed in claim 36 or 37 in which the receiving electrode m. moved after e^h drapiist is dispensed 
t0 direct the ns5d dropJet to another posjtipn on the substrate. 



39, A method as daimed In any ef claims 33 to 3B m which spaced apart defjectian eloctmcJes a?^ placed between 
the dispensing tip and a droplet receiving substrate and the e^ectm^^es are diffej^ntiaHy charged to <:iause the 

^0 (koplBt to movB iateraliy as it dmps tram th& dmpensin g trip . 

40. A method as earned in any of darms^ to 39 cx^mpfi^m^ the ^tepe of: 
mes^yrtng the volume of a dropJet of a particitJar Jlquid for djffsrsm d^^ off voltages; 
stofing a database of the measurements; 

recording the drop off voltage wh^n a dmptet detaches frprn th dispensing tsp; and 
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retrlervmg the vo^unie from th© data£>ciSB: 

41. A fmthod as Gta^med clafm 4D in which the drop oSf voltage ^ rysoasured by a Faraday PalL 

5 42, A method as efeiimed in claim 4D in which reeording of e drop-o^ of a droplet inciucfss tho steps of : 

directing an ectf omagnotic beam from a source of electromagnq^ttc radiation at the drop! et as it forms at XhB 
tip; and 

monltormg the eSscstmrntsgnetic recfjatlon couplsd l:>y the dropfet at a oeliscl^r f ernote from th© droplet , 

43. A metbodaa cMmed dairn 42 in which a Hght beam Is th0 soifrne of eleotrDmagnetlc radtaiion and the aroount 
GT ilght reflected aqd/or rafmoMd by the drdpJst is monftored. 

iS 44, A nisthod a dasmed in any of dalms 33 to 39 in which the steps are ptsrformed of: 

measuring the charge of dropfets of ^ partfeylar liquid lor diffsr^nt vo^^^^ droptats; 

coring £i database of the measursments; 

so 

recordrng the charge on each droplet; and 
retfievJng the volurnss fnim th^ diatabas^. 
^ 45. A ms^had as ciaimad in claim 44 of: 

rneasunng the width of the voitagre: pylsa i;n iha Faraday pall; 

determWJ>g the tifne taksri for the dropiat to pass through the pail; 

deriving the spaed of tha drdp^^ tha tihla takan to pass through the paill: and 

caleulatmg the rhass of the droptet from the charge to mass ratio, 
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